Introduction
Issues related with functional aging became relevant starting in the 1980s as a function of the population aging, social transformations, changes in the world of work and longer stay of workers in the labor market [1] [2] [3] [4] [5] [6] . As a result, subjects like sustained employability of aging workers, productivity at work, sustainability of social security systems and workers' health promotion stimulated studies on work ability [1] [2] [3] [4] [5] [6] . The relevance of work ability enhancement as a health promotion strategy is particularly acknowledged in societies undergoing population aging [1] [2] [3] . Work ability is understood as a worker's condition to perform his or her job as a function of the work demands, his or her state of health and physical and mental capacity [1] [2] [3] 7, 8 . Characterized by impaired work ability, functional aging results from a complex interaction among several factors, including sociodemographic aspects, state of health, values, skills and the job characteristics [1] [2] [3] 6, 9 . While increasing age was found to be a risk factor for impaired work ability, several studies detected associations between chronological and functional aging that might involve other factors 3, 6, [10] [11] [12] . Impaired work ability is predictive of sick leaves among young workers 13 and of early exit from the profession among older ones 14 . Workers in different age ranges might be subjected to also different stressors as a function of the position they occupy in the organization's hierarchy, the activities they perform at the job and/or their strategies of coping with embarrassing situations in the workplace 3, 6, 11 . The literature emphasizes the need for priorities and differentiated modalities of intervention to promote and protect the work ability of aging workers 2, 3, 15 . Few studies on work ability were conducted with workers from different age ranges, using a longitudinal design and targeting nursing professionals in particular. Nursing work characteristically involves exposure to stressors originated in the physical and mental loads imposed on workers, which are associated with negative outcomes, such as leaving the profession, injury and illness, absenteeism, dissatisfaction with work, poorer quality of life and impaired work ability 4, 6, 9, [16] [17] [18] [19] . Thus being, we consider important to establish whether the effect of stressors on work ability varies as a function of age.
The aim of the present study was to investigate changes in work ability among nursing professionals along two-year follow-up and to investigate associations between work stressors and changes in work ability as a function of the participants' age.
Method
The present was a cohort study with 2-year follow-up (2009-2011) conducted at a medium-sized, high-complexity philanthropic hospital in São Paulo, Brazil, which received a quality certification from the Joint Commission International.
At the onset (2009) all 613 active nursing professionals were invited to participate in the study. Workers who did not participate because they were on vacation, the ones who did not respond the questionnaire or returned it incomplete, and those who did not sign an informed consent form were considered losses. A total of 514 workers from the eligible ones (83.8%) participated in this stage of the study. Participants and non-participants did not differ as a function of sex, age, job title or work ability index at baseline (p = 0.77). Statistically significant difference was found in their average time as nursing professional (6.3 vs. 7.9 years, p = 0.013). Participants also differ from non-participants as the hospital sector (p < 0.001): the adherence of participants to the study allocated to the materials and surgical units and chronic patient wards was lower. A total of 204 workers included in the initial stage did not participate at the end of follow-up in 2011, and further six workers transferred to non-nursing functions were excluded. As a result, the final sample comprised 304 participants (59.1% of the initial group of participants).
Data collection was performed by means of a self-report questionnaire. The first part of the instrument included questions on sociodemographic, lifestyle and functional characteristics, to wit: sex, age, marital status, educational level, family monthly income, child-rearing responsibility, alcohol intake, smoking, body weight and height (to calculate the body mass index), practice of physical activity, age at entering the workforce, time on the job, time as nursing professional, work shift, total weekly workload (at the hospital, other jobs and household chores), second job, workplace violence, recent history of work-related illness and work accidents. 22 . WRAPI was designed to assess situations at the workplace that might be associated with musculoskeletal injury. The last part of the questionnaire consisted in the Brazilian version of the Work Ability Index (WAI) 7, 8 , which was used to assess the dependent variable, namely, work ability. WAI comprises seven dimensions and its total score varies from 7 to 49. The scores of work ability were categorized into excellent, good, moderate and poor work according to the criteria formulated by Tuomi et al. 7 for workers aged 35 years old or older and by Kujala et al. 13 for workers under 35. Descriptive analysis was performed to characterize the sample in the terms of mean, median, standard deviation (SD), minimum and maximum values in the case of the quantitative variables and of proportions for the categorical ones. Cronbach's alpha was used to assess the instruments' reliability.
The participants were classified according to age as young (< 45 years old) or aging (≥ 45 years old). This cutoff point was selected on the grounds that the functional capacity begins to decrease and the incidence of aging-related health problems to increase by age 45 years old 2, 3, 5 . To characterize changes in work ability we calculated the difference (delta) between the final (2011) and initial (2009) scores on WAI; positive values indicated improved WA and negative values poorer work ability.
As the literature does not provide parameters to assess changes in the exposure to work stressors, we developed criteria based on the scores attributed to the investigated ones. Thus greater exposure was defined as follows: (a) increase of more than 1 point on the work demand score (1 point represents 6.7% in scale score); reduction of more than 1 point (representing 5.6% in scale score) on the (b) control at work and (c) social support at work scores; (d) increase of 0.7 points or more on the ERI score (this cutoff point corresponds to the 60 th percentile considering the distribution of the variable); (e) increase of more than 1 point on the overcommitment score (1 point corresponds to 5.6% of the highest possible score on a 18-point scale); and (f) increase of 15 points or more on WRAPI (corresponding to a 10% change in a 150-point scale).
The adherence of the quantitative variables to the normal distribution was assessed by means of the Kolmogorov-Smirnov test. The two groups defined per age range were compared as to WAI score, sociodemographic, lifestyle and work-related characteristics by means of the Mann-Whitney, chi-square or Fisher's exact test. The aim of these analyses was to identify the characteristics of each individual group and differences between them.
Next we investigated possible differences in exposure to stressors along follow-up between the groups by means of the chi-square test. The aim of this analysis was to establish whether the participants' perceived exposure to stressors along follow-up differed as a function of age.
Finally, we compared the changes in WAI (delta WAI) as a function of the participants' perception of changes in exposure to work stressors (worse or not worse) within each group by means of the Mann-Whitney test. The aim of this analysis was to establish whether and which changes in exposure to the various stressors influenced work ability in each group.
The significance level was set as p < 0.050 in all the analyses.
The instruments' reliability was assessed at the onset of follow-up by means of Cronbach's alpha; the results were: demand = 0.64; control = 0.47; social support = 0.82; effort = 0.74; reward = 0.83; overcommitment = 0.73; WRAPI = 0.93; and WAI = 0.71.
The study was approved by the ethics committee of Samaritano Hospital (ruling no. 07/09) and School of Public Health, University of São Paulo (ruling no. 257.518) and complied with the principles of Declaration of Helsinki. Participation was voluntary, the participants signed an informed consent form and the individual results were kept confidential. Tables 1 to 3 describe the results corresponding to the continuous and categorical variables. The participants' average age at the onset of follow-up was 35.9 (SD = 9.0) years old, being that 16.0% were 45 years old or older. Most participants were female (79.9%) and married or lived with a partner (53.3%); the monthly family income was up to the equivalent of five times the minimum wage for 43.4% of the sample.
Results
About 5.6% of the sample reported regular alcohol intake (2 or more days per week) and 38.2% regular practice of physical activity. About 44.1% showed obesity or overweight and the average body mass index was 25.5 (SD = 4.4).
The average age at entering the workforce was 16.7 (SD = 3.3) years old, the average time as nursing professional 11.7 (SD = 7.8) years and the average time on the job 6.8 (SD = 6.7) years. The total weekly workload (hospital, second job and household chores) was 57.9 (SD = 18.4) hours, on average. Night work was reported by 38.5% of the participants and a second job by 18.8%. Relative to the job title distribution, 32.3% were registered nurses (involved in direct patient care or management), 50.3% nursing technicians, 8.9% nursing assistants and 5.9% performed other auxiliary tasks. As concerns the hospital areas, 35.9% of the participants worked in intensive care units, 31.6% in non-critical care units, 18.8% in the emergency department, 10.9% in the surgical and materials units and 3.0% in areas not related with direct patient care. The level of workplace violence was rated low (average score 7.7 on a scale ranging from 7.0 to 21.0, SD = 1.1). About 10.5% of the participants reported a past history of work accidents and 10.2% of work-related illness. Tables 1 to 3 show the sociodemographic, lifestyle and work-related variables that exhibited statistically significant difference between the groups: time as nursing professional (p < 0.001), time on the job (p < 0.001), total weekly workload (p < 0.001), night work (p = 0.010) and hospital area (p = 0.019). The results were expected in the case of the first two variables just mentioned as a function of their correlation with chronological age. Relative to the remainder of the variables, the weekly workload (62.6 vs. 57.0 hours, on average), percentage of participants who performed night work (55.1% vs. 35.3%) and percentage of participants who worked at the surgical and materials units (24.5% vs. 8.2%) were higher among the older workers compared to the younger ones.
As Table 1 Table 4 shows that the groups did not differ as to perceived changes in exposure to work stressors.
That lack of difference notwithstanding, the effects of stressors on work ability differed between the groups. Table 5 shows that for the younger workers (< 45 years old) increased perceived exposure to stress was associated with poorer work ability (higher negative delta WAI value, i.e., greater negative difference between the initial and final assessment). The variables involved were effort-reward imbalance (p < 0.001), overcommitment (p < 0.001), social support (p = 0.002) and WRAPI (p = 0.001). Among the older workers (≥ 45 years old) only poorer effort-reward imbalance was associated with worsening WAI score (p = 0.014). Neither demand nor control was associated with scores on work ability in either group.
Discussion
The results of the present 2-year cohort study showed that work ability did not differ between the younger (< 45 years old) and older (≥ 45 years old) workers at the onset of follow-up (2009). Work ability exhibited slight impairment in the course of follow-up, which was similar between the groups. Statistically significant difference was neither found in the participants' perceived exposure to work stressors at the onset and end of follow-up.
The aforementioned similarities notwithstanding, the groups differed as to the type of stressors associated with impaired work ability. Indeed, while work ability was influenced by all the investigated stressors (except for demands and control at work) in the younger group, it was associated with effort-reward imbalance only in the older one.
The physical and mental functional capacity might begin to decline at age 45 years old in association with reduction of the cardiorespiratory and musculoskeletal capacity and of the cognitive functions [1] [2] [3] 5, 11, 12 . However, in the present study the work ability profile was similar between the groups. Several factors related to the individual, work environment and conditions and the macrosocial environment interfere in the relationship between chronological and functional . Those mentioned relationships might be somehow mediated by enhanced knowledge and experience and better skills to work in an independent manner, in addition to the stronger ties to the job older workers tend to exhibit 2, 3, 6, 11 . One additional factor that should be taken into consideration is the healthy worker effect, which consists in a process of progressive selection of workers whereby the ones who stay at the job tend to be the healthier ones 23 . The older workers in the present study population might have possibly been the ones who succeeded in maintaining better health conditions and coping resources along their career, for which reason they exhibited a better work ability profile than their younger colleagues.
It is worth to observe that the earlier, stronger and more frequent the exposure to intense work demands, the higher the risk of premature functional aging 2, 3, 17 . In the present study, work ability impairment was associated with increased perceived exposure to workplace stressors in both groups. The workplace physical and psychosocial stressors are consistently identified in the literature as factors with negative effect on work ability, also among hospital workers 6, 9, [17] [18] [19] . The participants' perceived exposure to work stressors along follow-up should be interpreted in the light of the nursing working conditions. Nursing work is characterized by demands originated by human care responsibilities, frequent contact with pain, intense physical loads, poor professional recognition/valorization, intensification in using new technologies, damaged work relations and in the specific case of registered nurses, increased demand for managerial skills 6, [16] [17] [18] [19] 24 . The present study evidenced a consistent impact of effort-reward imbalance on work ability among both the younger and the older workers. This finding might be accounted for by some aspects of the social and organizational context of work relative to the effort workers actually make and the reward they obtain, such as financial reward, professional recognition, career opportunities and long-term job stability 9, 14, 17 . One study conducted in Brazil with nursing professionals that assessed several stressors found that ef-fort-reward imbalance was the most relevant by far, particularly among the registered nurses 16 . In the "Next-Study" (Nurses Early Exit), which included nursing professionals from 10 European countries, effort-reward imbalance behaved as a strong predictor of job strain and was associated with poorer work ability in all age ranges and analyzed countries. In addition, it was a frequent reason for nurses to consider leaving the profession and early retirement 9 . In addition to effort-reward imbalance, the younger workers in the present study also reported higher perceived exposure to the following stressors that impaired work ability: overcommitment, social support and activities likely to cause pain or injury. According to some evidences WAI reflects better the changes in work ability relative to tasks that pose strong physical demands compared to the predominantly mental activities 1 . Older workers tend to be in a career stage characterized by a shift from predominantly physical to predominantly mental activities and have resources to more effective strategies to cope with workplace stressors. These two factors might account for the lower frequency of associations between the investigated stressors and work ability among the older workers in the present study.
Overcommitted workers might underestimate the demands and overestimate their coping ability, which increases their susceptibility to exhaustion 25 . This fact explains the impairment in work ability found in the group of younger workers.
Social support alludes to the mutual assistance and interaction among peers and superiors and has a moderating effect on workplace psychosocial stressors and their deleterious consequences; in addition it is also associated with the state of health and well-being of workers 26 . The "NEXT-Study" found that social support significantly contributed to retain nursing professionals with impaired work ability in the workplace 9 . The impact of poorer WRAPI (work-related activities that might contribute to job-related pain and/or injury) on work ability evidenced the role played by the physical workload. The nursing working conditions are frequently associated with occurrence of musculoskeletal disorders resulting from inadequate transport and moving of patients, use of inappropriate equipment and furniture and biomechanically inadequate movements and postures 6, [17] [18] [19] 24 . One study conducted in Brazil found that both demand and control were less relevant for nursing professionals when assessed together with other psychosocial stressors 16 . In the present study neither demand nor control had negative effect on work ability. Relative to demand, this finding might be explained by the high prevalence of perceived strong demands, which might have made the sample homogeneous, with consequent loss of this variable's effect. In turn, the lack of association between control at work and work ability might have been due to the scale's structure: comprising six items only, it exhibits limitations in the capture of the evaluated construct. On reliability analysis, this scale exhibited low internal consistency (α = 0.47) as also other studies found 10, 20 . The response rate was 83.8% at the onset of the study, which is above the minimum appropriate value, 75% 27 . There was statistically significant difference in the length of time in the company and hospital area between participants and non-participants in this stage of the study. About 59.1% of the workers remained until the end of follow-up. The internal validity of the present study might be rated acceptable, while the external validity might be considered acceptable for hospitals with similar demographic characteristics and work organization and conditions.
The high rate of participation at the onset of the study notwithstanding, the aforementioned healthy worker effect might have been present causing disparity between the proportions of participants at the onset and end of follow-up. In that case, the relationships between work stressors and work ability might have been underestimated. As one further limitation, the difference in the number of participants in each group might have contributed to reduce the statistical power of the analyses in the group of older workers, to wit, this is to say, 225 younger workers (≤ 45 years old) and only 49 older workers (≥ 45 years old).
Work ability provides the grounds for the workers' health, well-being and employability; the relevance of the mentioned issues is increasing within the world of work, more particularly among societies characterized by demographic aging [2] [3] [4] . Also employability is currently becoming an important issue as concerns the prevention of discrimination against aging nursing professionals 28 . The longitudinal design of the present study allowed us to establish causal relationships which showed that work stressors do affect the work ability of nursing professionals, although the various analyzed stressors had different effects on the participants as a function of their age.
The findings of the present study have implications for institutional and social policies targeting health promotion in the workplace, as they point to the importance of actions to control stressors derived from the work organization and conditions. The literature reports positive cost-benefit outcomes of interventions to control stress at work and highlights the relevance of continued actions to achieve long-term satisfactory results 29, 30 . There is not yet sufficient data on the performance of aging workers, and more particularly in the case of jobs with high demands 4, 31 . Thus being, further longitudinal studies are needed to assess the progression of work ability impairment, provide functional aging estimates and assess interventions at work. 
Collaborations

Conclusions
The results of the present study revealed association between higher perceived exposure to work stressors and impaired work ability along follow-up. The impact of stressors on work ability differed as a function of the workers' age. While work ability was influenced by several of the analyzed stressors in the younger group (poorer social support, increased effort-reward imbalance, increased overcommitment and higher frequency of situations likely to cause pain/injury) only increased effort-reward imbalance had negative effect on work ability among the older workers.
These findings point to the need to develop preventive and corrective actions to enhance work ability; such actions should be adjusted and planned for workers in different age groups.
